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Description 

[0001] The present invention relates to a target to be used for forming a transparent thin oxide riim having a high 
refractive Index by direct cun-ent (DC) sputtering, and a process tor Its production, and a method for forming a film 
5 having a high refractive index by using such a target 

[0002] Optical applications of thin oxide films start from single layer type heal reflecting glasses and antireflectlon 
films and extend to various fields including, for example, multi-layer type antireflectlon coatings, reflection enhancing 
coatings, Interference filters and polarlzlngfllms, which are designed to pemilt lights having certain specific wavelengths 
to reflect or pass seiectlveiy therethrough. Further, a study has been made to Insert a transparent electroconducttve 
film or a film of e.g. metal or electroconductive ceramics having various functions such as electroconductivlty and heat 
reflection properties as a part of a multi-layer film to obtain a muiti-layer film having a function such as an antistatic, 
heat reflecting or electromagnetic wave shielding function provided. 

[0003] The spectral characteristics of a muiti-layer film are optically designed by using refractive indexes n and 
thicknesses of the respective layers, as parameters, and It is common to employ a combination of a high refractive 
index fiim and a low refractive index film. To realize excellent optical properties, the larger the difference In the refiBCtlve 
Index between the high refractive Index film and the low refractive Index film, the better. As such a high refractive Index 
film, titanium dioxide (n=2.4) cerium dioxide (n=2.3), zirconium dioxide (n^22), niobium pentoxide (n=2.1), tantalum 
pentoxide (n=2.1] or tungsten trtoxide (n=2.0) Is, for example, known. Further, as a low refractive Index film, silicon 
dioxide (n=1.46) or magnesium fluoride (n=1.3B} is. for example, known. 

<20 [0004] Such films can be formed, for example, by a vacuum vapor deposition method or a coating method. iHowever, 
by such a fllm^ormlng method, It Is difficult to form a uniform fiim over a substrate having a large area, and when a 
substrate having a targe area, such as a glass for buildings or automobiles, CRT, or a fiat display, Is required, sputtering 
is used In many cases. Among various sputtering methods, DC sputtering utilizing direct current discharge is most 
suitable for forming a film over a large area. 

^ [0005] When a high refractive index film Is to be formed by DC sputtering, it is common at present to employ so- 
called reacth^e sputtering wherein a metallic target having electroconductivlty is subjected to sputtering in an atmos- 
phere containing oxygen. However, there has been a problem that the film-forming speed of a thin film obtainable by 
this method is very slow, whereby the productivity Is poor, and the cost tends to be high. 

[0006] To solve such a problem, it has been proposed to use an oxide ceramic (sintered body) as a target. However, 
30 oxide ceramic usually has no electroconductlvity, whereby DC sputtering has been difficult. 

[0007] Further, recently, a sputtering target is required to have a complex shape, and a highly efficient pianer target 
having the target thtekness partialty changed, is required. By a nrtethod for obtaining a sintered body by a common 
sintering method, it is difficult to produce a target having a complex structure or various shapes, and such a target to 
prepared by a long process including steps of mbdng starting materials, sintering, processing and bonding, whereby 
S5 substantial Jigs are rsqulred for Ite production . 

[0006] In sputtering over a glass sheet with a large area for buildings, the film-forming speed Is increased by applying 
a high power for sputtering to increase the productivity, whereiay cooling of the target tends to limit the film-fomning 
speed, and further troubles such as cracking of the target peeling, etc. are likely to occur 

[0009] A new magnetron type rotary cathode Is known wherein such drawbacks have been overcome (JP-A- 
40 58-5001 74). This Is of a type wherein a magnetic field generating means la provided inside of a cyilndrbal target, and 
sputtering is canied out while rotating the target and cooling the target from Inskie. By the use of such a cylindrical 
target, a large power per unit area can be applied as compared with a pianer type target, whereby film f ormatton at a 
high speed is said to be possible. 

[0010] Preparation of a target material on a cylindrical target holder has heretofore been commonly carried out when 
^ the target material is a metal or alloy. In the case of a metal target, multi-layer film coatings of e.g. its oxide, nitrkJe, 
carbide, etc. are formed In various sputtering atmospheres. However, It has had drawbacks that the coating flbns are 
likely to be damaged by different types of atmospheres, whereby films having desired compositions can hardly be 

obtainable, and, in a case of a low melting metal target, the target Is likely to undergo melting when the power applied 
is excessive. Under these circumstances, a ceramic target material has been desired. A method has been proposed 
so \n which a ceramc sintered body is formed into a cylindrical shape and bonded to a substrate by mearis of indium 
metal. However, the method is diffk:utt and costly. 

[0011] JP-A-eo-l 81270 proposes a process for producing a ceramic sputtering target by spraying. However, the 
process has had problems that the sprayed coating can not be made sufflclentty thick, ae the difference in thermal 
expansion between the ceramics and the substrate metal Is large, and the adhesion tends to deteriorate by thermal 
8S shock during its use, thus leading to peeling, 

[0012] JP-A-62-161 945 proposes a process for producing a non-electroconductlve ceramic sputtering target made 
of various oxides by water plasma spraying. This target Is a target for radio frequency (RF) sputtering, and the target 
itself is an insulating material. Further, this target has had drawbacks that, unless some measures such as an under- 
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coating Is taken, K is likely to undergo cracking or peeling as the temperature rises during sputtering, whereby film 
formation under a stabilized condition tends to be difficult. Further, there has been a drawback such that the film forming 
speed is very sfow. 

[0013] it is an object of the present Invention to provide an eiectroconductlve sputtering target which can be formed 
into any desired shape and which l6 capable of forming a high refractive Index film at a high speed by DC sputtering, 
a process for Its production, and a method for forming a high refractive index film using such a target. 
[0014] The present invention provides a sputtering target connprising a substrate and a target material fbmied on 
the substrate, wherein the target material comprises a metai oxide of the chemk:al fomnuia MO^ as the main component, 
wherein MO^ Is a metal oxide which is deficient in oxygen as compared with the stoichiometric compositton, and M is 
at least one metal selected from the group consisting of Tl, Nb, Ta, Mo, W, Zr and i-lf. 

[0019] The target of the present invenlton has elect roconductlvity and thus is useful for DC sputtering, whereby a 
uniform, transparent high refractive Index film can be f onried at a high speed over a large area. The target of the present 
invention is useful also for RF sputtering. 

[0016] In a case where M In MO. of the target of the present invention Is Nb and/or Ta, x is preferably within a range 
of a<x<2.5. This means that if x Is 2.5, the target Is electrlcaily insulating, as it Is in a completely oxidized state, whereby 
DC sputtering is not feasible, such been undesirable. On the other hand, If x Is 2 or lower, such an oxide Is chemically 
instable and, as such, is not desirable as a target. When NbO^ Is used, a high ftim-forming speed can be realized, and 
when TaO^ is used, it is possible to fonrt a film having a high corrosion resistance and high scratch resistance. 
[0017] For the same reason as mentioned above, when M in MO, of the target of the present invention is Mo and/ 
or W, X Is preferably within a range of 2<x<3, and when M In MO^ in the target ot the present invention Is at least one 
metai selected from the group consisting of Tl , Zr and HI , x is preferably within a range o1 1 <x<2. Especially when TIO, 
Is used, It Is possible to realize fomnatlon of a film having a very high refractive Index. 

[0018] — The targerof the present-Invention has electrlcal conductivlty and thus is useful for film fonrtatlon by nfieans 
of DC sputtering, whereby a uniform, transparent high retracth^e Index film can be formed at a high speed over a large 
area. The resistivity at room temperature of the target of the present invention is preferably at most 10 f2cm, more 
preferably at most 1 Qcm, so that discharge during sputtering can be can-led out under a stabilized condittoa if the 
resistivity exceeds 10 Qcm, discharge tends to be hardly stabilized. 

[001 9] For the target of the present invention, a composite oxide MO^ employing two or more metals M, may be used 
so that the target will have the above mentioned characteristics simultaneously. 

[0020] With the target of the present invention, the properties of the flim such as the refractive index, and mechanical 
and chemical properties, can be changed while maintaining the high speed film fomiation, by adding an oxide of a 
metal other than metai M In MO^, as an additive. As such a metal oxide, an oxide of at least one metal selected from 
the group consisting of Cr, Ce, Y, Si, At and B, may be mentioned. For example, Cr Is capable of imparting corrosion 
resistance, and Ce Is capable of imparting ultravtolet ray-shlelding properties. 
[0021] The target of the present Invention can be prepared, for example, as fbiloiwa. 

[0022] In a case of a NbO^ target, a Nb205 powder Is subjected to hot-pressing (high temperature and high pressure 
pressing) for sintering to obtain a target of the present invention. In such a case, the particle size of the powder is 
preferably from 0.05 to 40 ^m. It is Important that the atmosphere for the hot-pressing Is a non-oxidizing atmosphere, 
and It Is preferred to use argon or nitrogen, since it is thereby easy to adjust the oxygen content In the target. It Is also 
possible to add hydrogen. The hot-pressing conditions are not particularly limited, but the temperature Is preferably 
from 800 to 1 ,400^C, and the pressure is preferably from 50 to 100 kg/cm^. 

[0023] The present Invention also provides a process for producing a sputtering target, which comprises f omiing an 
undercoat made of a metal or alloy on a substrate, and forming a ceramic layer as a target material on the undercoat, 
wherein the ceramk; layer as a target material (hereinafter refen^ed to simply as the ceramic layer) isfomied t>y plasma 
spraying wherein a ceramic powder for spraying (hereinafter refen^ed to simply as the ceramic powder) which Is made 
In a semi-molten state in a high temperature plasma gas in a reducing atmosphere. Is transported and deposited onto 
the undercoat by the plasma gas, and, as the target material, a target material comprising a metal oxide of the chemical 
formula MO^ as the main component, is used, wherein MO^ Is a metal oxide which is deficient in oxygen as compared 
with the stoichiometric composition, and M is at least one metai selected from the group consisting of Ti, Nb, Ta, Mo, 
W, Zr and Hf. 

[0024] in the present invention, the ceramic powder is made In a semi-molten state by means of a plasma spraying 
apparatus and deposited on a substrate, so that a ceramic layerfor a sputtering target is directly formed. 
[0028] Accordingly, the process does not requi re a molding step, a sintering step, a processing step to f onn a complex 
structure or shape, or a bonding step. In a case of a complicated compound which Is not readily available In the fomi 
of a ceramk: powder, such a compound may be chemically synthesized or may be prepared by using a solid phase 
reaction. The ceramic powder may be a pulverized or granulated, and further classified, so that It Is adjusted to have 
a readily fiowable partk:le size suitable for spraying. 

[0028] The ceramic powder to be used tn the present invention can be prepared by the following method. Namely. 
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a TIO2 powder having an average particle size of at most 1 0 |im and a powder of a metal oxide other than TIO2 having 
an average particle size of at most 1 0 p.m, are weighed In predetermined amounts and mixed In a wet system for at 
leasts hours in a ball mill using a binder such as polyvinyl alcohol (PVA) and water as a dispersing medium, to obtain 
a slurry, which is then dried by a spray drier to obtain a powder having a particle size oi from 1 0 to 1 00 |im, preferably 

9 from 20 to 100 ^m. 

[0027] )n another method, ethanol Is used as the above mentioned dispersing medium, and a Nb205 powder and a 
T\02 powder are mixed together with ethanol In a wet system for at least one hour by means of a ball mill in the same 
manner as described al:>ove, and the mixture Is dried by an evaporator and then calcined In an Inert atmosphere at a 
temperature of from 1 ,000 to 1 ,200**C, followed by classification to obtain a powder having a particle size of from 10 

10 to 100 ^im, preferably from 20 to 100 jim. The composition of this powder Is reduced by caldnatJon, but Is further 
reduced during the subsequent plasma spraying In a reducing atmosphere. 

[0028] If the particle size exceeds IOC ^m, such a ceramic powder tends to be hardly made In a seml-molten state 

in a high temperature plasma gas. and If it Is smaller than 10 such a powder Is likely to be dispersed in the high 

temperature plasma gas and thus tends to be hardly deposited on the substrate. 
is [0029] For the substrate, various metals or alloys, such as stainless steel, copper or titanium , may be used. Prior to 

the plasma spraying of a ceramic powder for the target materia), It Is preferred to roughen the surface of the substrate, 

for example, by sand blasting by means of abrasive grains made of AI2O3 or SIC In order to Improve the adheelon. 

Othenvise, it Is also preferred to process such a substrate surface to form a V-groove, followed by sand blasting by 

means of abrasive grains made ot AI2O3 or SIC. in order to improve the adhesion. 
£0 [0030] After roughening the substrate surface, an undercoat made of a metal or alloy may be formed In order to 

reduce the difference In the themial expansion between the target material to be sprayed and the substrate and to 

Improve the adhesion so as to be durable against peeling by mechanical end themial impacts. 
[0031]~ifl^uch an undercoat, a iayer(h«relnBfterTeferred-to-as"1ayer-A>-havlng-a-themfiai-expan8lon coefficient 

Intemiediate between the substrate and the target material, and/or a layer (hereinafter refenred to as layer B) having 
25 a themial expansion coefficient close to the target material, may be used. 11 is particularly effective to form both layers 

to have a structure ot the substrate/layer A/layer B/ceramlc layer. It is preferred to fomri the undercoat also by plasma 

spraying. 

[0032] Even when the undercoat Is made solely by layer A or layer B, the adhesive force of the ceramic layer to the 
substrate can be Improved, since the metal or alloy Is n ot brittle and has high elasticity. The thermal expansion coefficient 

30 of layer B Is most suitably within a range of ±2X10"fi/'C of the thermal expansion coefficient of the ceramic layer. 
[0033] As the materia! for the undercoat, an electroconductive powder of e.g. Mo. T1, Ni. Nb. Ta, W. Ni-AI. Ni*Cn 
Ni-Cr-AI. Ni-Cr-AI-Y or NI-Co-Cr-AI-Y may be employed. The thicloiess of the undercoat is preferably from 30 to 1 00 ^m. 
[0034] It is necessary to change the material for the undercoat depending upon the thermal expansion coefficient of 
the ceramic layer The thermal expansion coefficient of e.g. copper or stainless steel which Is useful as a substrate, Is 

35 from 1 7xl0-fi to 18x1 0-^C, and the themnal expansion coefficient of titanium Is 8.8x10-*/*C. 

[0035] For example, for the ceramic layer (the thermal expansion coefficient: 6X10^ to 9X10"*/*C) in the present 
invention, the preferred themial expansion coefficient of the undercoat layer A is from 12x10*^ to 15XlO-*/"C, and as 
such a material, Nl, Ni-AI, Nl-Cr, Ni-Cr-AI. Ni-Cr-Al-Y or Nl-Co-Cr-Al-Y, may. for example, be mentioned. 
[0036] Further, the preferred thermal expansion coefficient of the undercoat layer B Is from 4X1 0** to 11 X10*«/*C, 

40 and as such a material, Mo, Nb, Ta, W orTI, may, for example, be mentioned. 

[0037] Further, the adhesion can be further improved by providing an undercoat layer having the composition grad- 
ually changed from a material having a themnal expansion coefficient close to the target material to a material having 
a themial expansion coefficient close to the substrate, selected among such undercoat materials. Further, when the 
substrate is made of titanium, the undercoat may be made solely of layer B, since the thermal expansion coelficlent 

4S is close thereto. 

[0038] On such an undercoat, a ceramic powder which Is made In a seml-molten state In a high temperature plasma 
gas, preferably a high temperature plasma gas such as Ar or Ar+Hg, In a reducing atmosphere, Is transported and 
deposited onto the undercoat by such a gas, to form a ceramic layer which serves as a target material. In this manner, 
the oxide ceramic powder is reduced, and a ceramic layer comprising MO^ as the main component, is obtained. 
so [0039] By forming the undercoat, the difference in thermai expansion between the ceramic layer and the substrate 
can be reduced, whereby a ceramic layer which Is free from peeling even with a thickness as thick as from 2 tolO 
mm, can be formed. 

[0040] Also at the time of forming the undercoat, it Is pref ened to form It by plasma spraying In a high temperature 
plasma gas, preferably In a high temperature plasma gas In a reducing atmosphere, for the same reason as described 

55 above. 

[0041 ] Further, as the plasma spraying method, water plasma spraying is more effective. This water plasma spraying 
is a method wherein a high pressure water stream supplied to a torch firstty forms a cylindrical eddy current at the 
cylindrical section, and In this state, a voltage is applied between a caribon cathode and an iron rotary anode to let 
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direct current arcs fonn to evaporate and recompose water al the Inner surtace of the eddy current to form a plasma 
state thereby to generate plasma arcs continuously, and such plasma arcs are constricted by the revolving cylindrical 
water current to Increase the energy density and eject a stabilized high temperature high speed plasma Jet flame from 
a nozzle by rapid thennal expansion of the plasma. This spraying method provides a high energy denstty as compared 
5 with a gas plasma density, and a large amount of the starting material powder can thereby be sprayed all at once, 
whereby the target forming speed is high, and the economical efficiency is high. Further, It Is thereby possible to readily 
form a thick film. 

[00421 However, as compared with plasma spraying by a reducing gas, the reducing power Is weal<. Therefore, to 
obtain a stale of MO^, It Is better to employ a material which is reduced at the stage of the starting material powder. 
10 [0043] The present invention further provides a method for forming a high refractive index film employing the above 
described target. 

[0044] A uniform transparent film can be fomied at a high speed, when sputtering Is carried out by using the target 
of the present invention in an argon atmosphere or In a mixed atmosphere of argon and small amount of O2 under a 
pressure of from 1 X1 0*^ to 1 x 1 0*^ Torn in a case where a metal target Is employed, a hysteresis phenomenon occurs 

i9 which Is a non-continuous change In the flhi forming speed or the discharge current or voltage due to change of the 
oxygen partial pressure. However, when the target of the present Invention Is employed, such a hysteresis phenomenon 
will not occur, and control of the film fonnlng speed during the film formation will be very easy. 
[0045] When a metal target is used for fomning a metal oxide film, the film forming speed or the sputtering voltage 
changes abruptly and non-continuousiy in a hysteresis fashion due to a change of the oxygen gas partial pressure 

^ before or alter the change from an absorbing film to a transparent film having the sioichiometrlcal composition, or 
before or after the change from a transparent film to an absorbing film. Accordingly, to obtain a transparent film con- 
stantly. It is necessary to Introduce oxygen gas substantially excessively relative to the metal atoms. 

[0048] — Whereas, the taiget-ofthe-presenMnventionis-composed-of an-oxlderand-ls-sllghtly-deficlenl In-oxygen as 

compared with the stoichiometric composltton. Accordingly, film fonmatlon of a transparent metai oxide film can be 

25 carried out simply by supplementing the oxygen slightly deficient as compared with the stoichiometric composition. 
Besides, when the target of the present Invention Is employed^ no change like the above mentioned hysteresis phe- 
nomenon will take place, whereby the amount of the oxygen gas to be supplied can be minimized to the required 
minimum or reduced to a level close to the required minimum. Thus, deposition of excess oxygen atoms on the target 
surface, which Is believed to cause deterioration of the film fomiing speed, can be reduced, and the film fomriing speed 

30 can be Increased. 

[0047] When a target Is produced by a spraying method as in the present invention, the oxide powder is made in a 
molten state and then quenched and solidified so that the sprayed material will be laminated on the substrate. At that 
time, crystal alignment wlii fomi in the sprayed material, since there Is a differerice in the crystal growth rate of crystal 
faces. N amely, the face at wh ich the surface density is low and the growth rate Is high, crystallizes quicidy In the direction 
35 along the substrate, and crystal alignment will necessarily form, eo that the face al whteh the surface density Is high 
and the growth rage Is low, becomes the sputtering surface. 

[0048] On the other hand, h is believed that the higher the surface density, the better the sputtering efficiency, and 
the higher the sputtering speed. Accordingly, this crystal alignment Is believed to be one of the factors for the high film 
forming speed by the present Invenlton, Further, sputtering speed Is believed to be Increased by numerous defective 
40 layers fonmed in or between grains at the time of quenching and solidification, which are susceptible to etching as 
compared with nonnal tissues. 

[0049] Further, Virlth a sputtering target thus prepared, themial conductivity from the ceramic layer to the substrate 
and further to the cathode electrode, is good, and the ceramic layer is flmnly bonded to the substrate. Accordingly, even 
when a high sputtering power is applied to increase the film forming speed, cooling can sufficiently be carried out, and 
45 peeling or cracking of the ceramic layer due to abrupt heat shock will not take place, and a large electric power per 
unit area can be applied. 

[0060] Further, even when an erosion zone of the ceramk: layer became thin, such a zone can readily be regenerated 
to the Initial state by plasma spraying a ceramic powder of the same material to such a portion which became thin. 
Further, it is easy to provide a distrbution in thickness of the ceramic layer depending upon any desired position, and 
so it is thereby possible to control the thfckness distribution of a thin film to befonned by providing a temperature distribution 
or a distribution In strength of the magnetic field at the target surface. 

[0051] Further, when a cyllndrk^l substrate is employed, the entire surface will be the erosion zone of the target, 
whereby there Is a merit that the utilization efficiency of the target is high as compared with the planer type. 

55 EXAMPLE 1 TO 7 

[0052] Commercially available NbgOg powder was filled In a hot pressing mold made of carbon, and hot pressing 
was carried out by maintaining it in an argon atmosphere for one hour at a temperature within a range of from 1 ,1 OO^C 
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to 1 ,400*'C. as Identified In Table 1 . At that time, the hot pressing pressure was 50 kg^cm^. The density and the resistivity 
of the sintered product thus obtained as a target material, were measured. 

[0053] Then the obtained sintered body was pulverized In an eigate mortar and then heated at 1 1 0C'C In air, whereby 
the weight Increase was nneasured. Assuming that after such heating In air, the powder became completely oxidized 
Nb209, the oxygen content of the sintered body after the hot pressing was calculated from the weight Increase. The 
results are shown In Table 1 . 

Table 1 



Example No. No. 


Hot pressing 
temperature (°C) 


Density of the 
sintered body body 

(g/cc) 


Resistivity of the 
sintered body body 

(ncm) 


Oxygen content of 
the sintered body (x 
in NbOJ 


1 


1100 


4.00 


0.30 


2.498 


2 


1150 


4.13 


0.21 


2.495 


3 


1200 


4.20 


0.15 


2.490 


4 


12S0 


4.30 


0.14 


2.465 


5 


1300 


4.36 


0.12 


2.465 


6 


1350 


4.40 


0.12 


2.465 


7 


1400 


4.42 


0.12 


2.465 
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EXAMPLES 8 TO 11 



25 



30 



35 



40 



[0054] The sintered body hot-pressed at 1200<'C In Example 3» was mechanically processed to a size of 6 Inch In 
diameter and 5 mm in thiclcness to obtain a target. The target was used as bonded by a metal bond to a backing plate 
made of copper. 

[0055] This target was mounted on a magnetron DC sputtering apparatus, and film formation of a Nb205 film was 
carried out. The film fomiatlon was carried out under such conditions that the applied power was DC IkW, the back 
pressure was 1 X10*^ Torr» and the sputtering pressure was 2X10*^ Tom As the sputtering gae» a gas having argon 
and oxygen mixed In various oxygen concentration, was used. The proportion of the oxygen gas In the sputtering gas 
was from 1 0 to 40 volume%. If the oxygen Is lower than 1 0 volume%. the film win be an absorptive film, and In order 
to obtain a transparent film, oxygen was required to be at least 10 volume%. 

[0056] As the substrate, a soda lime glass was used. No Intentional heating was applied to the substrate. The sput- 
tering was carried out so that the film thickness would be about 1 DO nm. During the sputtering, the electrnal discharge 
was very stable, and film foimatlon was carried out under a stable condition even by DC sputtering. After the film 
formation, the film thk^kness was measured by means of a feeler type film thickness measuring apparatus. Further, 
the refractive Index of the film was measured by an elllpsometer. The wavelength of light employed at that time, was 
633 nm. The film forming speed and the refractive index of the film are shown In Table 2. Ail of the films obtained were 
transparent and showed no light absorption. 

[0057] As is apparent from the results in Table 2 by using the target of the present invention, a transparent Nb205 
film having a high refractive Index was fonned at a high speed. 



COMPARATIVE EXAMPLES 1 TO 3 



45 



50 



55 



[0056] As Comparative Example 1 , using a metal titanium target instead of the target of Example 8, film formation 
by sputtering was carried out In the same manner The proportion of oxygen gas In the sputtering gas was 30 volume 
%. In the case of a titanium target, If oxygen Is lower than 30 volume%, the film becomes an absorptive film, and In 
order to obtain a transparent fiim, oxygen was required to be at least 30 volJme%. Accordingly, sputtering was carried 
out at an oxygen concentration of 30 volume % which was the oxygen proportion at whfch a transparent fHm could be 
obtained and the film forming speed was highest. 

[0059] Further, as Comparative Example 2, using a metal niobium target Instead of the target of Example 8, film 
fonnatlon by sputtering was earned out in the same manner In the case of metal nbbium target, the sputtering was 
carried out at an oxygen concentration of 30 volume % for the same reason as mentioned above. 
[0060] As Comparative Example 3, using a titanium monoxide (TIO) target (density: 4.90 g/cc, resistivity: 3.0x10*^ 
Ocm, oxygen content: 25.0 wt%), film formation by sputtering was carried out In the same manner In the case of the 
TiO target, if oxygen is lower than 20%, the film becomes absorptive, and in order to obtain a transparent film, oxygen 
was required to be at least 20%. Accordingly, sputtering was carried out by selecting a case of the oxygen proportion 
of 20% at whtoh the film fonmation speed was highest. 



6 



EP 1 452 622 A2 



[0061] As Is evWenttromthe results In Table 2. theflim forming speeds for transparent Nb205 andT102 In Comparative 
Examples 1 to 3, were interior as compared with the cases In which targets of the present invention ware used. 



Table 2 
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Target 


Oxygen content In the 
sputtering sputtering gas 
(volume%) 


Film forming speed 
(nm/htin) 


Refractive Index index 




Example 6 


NbOx 


10 


a5 


2.3 


10 


Example 9 


NbO, 


20 


70 


2.3 




Example 1 0 


NbOx 


30 


40 


2.3 




Example 11 


NbOx 


40 


30 


2.3 




Comparative Example 1 


Tl 


30 


6 


2.4 




Comparative Example 1 


Nb 


30 


13 


2.3 


15 


Comparative Example 1 


TiO 


20 


7 


2.4 



20 



25 



30 



EXAMPLES 12 TO 15 

[0062] To commercially available NbgO, powder, an oxide of Cr, Ce, Al or SI was added In a proportion (oxide/ 
oxide-f NbsOg) as identified In Table 3 and mixed with the NbsOg powder in a ball mill. Such a powder mixture was filled 
into a hot pressing nrystd made of carbon, and hot pressing was carried out under the same conditions as in Example 
3 to obtain a sintered body. With respect to each sintered body, the density and re sistivity were measured In the same 
manner as In Examples 1 to 7. The results are shown In Table 3. Such a sintered body was fonned Into a target In the 
same manner as In Example 8, and llhi formation by sputtering was can-led out. whereby the film fomnlng speed was 
from 30 to 90 nm/min, and the refractive index was 2.3. 

[0063] Further, a part of each sintered body was subjected to acid dissolution or alltali fusion to obtain its aqueous 
solution, and the composition of the sintered body was analyzed lay cm iCP apparatus whereby It was confirmed that 
the oomposttion of the charged powder mixture and the composition of the sintered body were substantially in agree- 
ment. 

Table 3 



Example Example No. 


Additive 


Amount of the additive 
(wt%) 


Density of the sintered 

body (g/GC) 


Resistivity of the 
Sintered i;>ody (£lcm} 


12 


CrgOa 


20 


4.62 


0.46 


13 


Ce02 


20 


4.70 


0.30 


14 


AI2O3 


5 


4.42 


0.20 


IS 


SIO2 


5 


4.21 


0.20 



35 



40 



45 



EXAMPLE 1 6 

[0064] By changing NbOj^ in Example 3 to TaCjj (xr=2.470), the operation was carried out in the same manner as in 
Examples 8 to 11 and Examples 12 to 15, whereby similar good results were obtained. 

[0066] Further, by changing TaO^ (x=2.470) to MoO^ (x^2.950), WO^ (x=2.955), ZrO^ (x=1 .996, and 6 mQl% of YgOa 
was added) and HiOj^ (x=1.996). respecth/ely, the operations were carried out In the eame manner, and similar good 
results were obtained. 



50 



55 



Example 17 

[0066] High purity TIO2 powder (average particle size: at most 10 ^m) was mixed in a wet system for 3 hours In a 
bail mill using PVA binder and water as a medium, and the obtained slurry was granulated by means of a spray drier 
to obtain a ceramic powder having a particle size of from 20 to 100 nm. 

[0067] Using a copper planer having a diameterof 6 Inches as a target metal holder, the outersurface was roughened 
by sand blasting by means of AI2O3 abrasive grains to obtain a roughened surface. 

[0068] Then, an alloy powder of Ni-Ai (weight ratio of 8:2) was plasma-sprayed (using a metolto sprayer) under a 
reducing atmosphere to form an undercoat layer A having a thickness of 60 }im. This plasma spraying under a reducing 
atmosphere was carried out using Al-f gas as the plasma gas at a flow rate of 42.5 i/mln by applying a power of 35 
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kV at 700 A to Instantaneously heal the alloy powder of NI-AI by the Ar+H2 gas plasma of trond 10,000 to 20,000*C 
and to transport the alloy powder together with the gas onto the target metal holder to let It solidify thereon. The coating 
film was formed by repeating an operation of moving the plasma spraying gun right and left and up and down. 
[0069] Then, using a Tl metal powder, plasma spraying was carried out In the same manner as above to lorm an 

5 undercoat layer B having a thickness of 50 ^m. Further, using the above mentioned ceramic powder, plasma spraying 
was carried out under the same reducing atmosphere to form a ceramic layer having a final thickness of 5 mm. 
[0070] The ceramic layer of the obtained target was cut out from the metal substrate, and the density and the resistivity 
were measured. Further, the obtained ceramic layer was pulverized In an agate nrwrtar and heated to 1100**C In air, 
whereby the weight Increase was measured. Assuming that after the heating In air, the powder became completely 

10 oxidized TIO2, the oxygen content of the ceramic layer was calculated from the weight increase. The results are shown 
In Table 4. 



Table 4 





Density (g/oc) 


Resistivity {Dcm) 


xInTiOjj 


Example 17 


4.07 


0.33 


1.93 



EXAMPLES 18 TO 21 

SO [0071] The target of Example 1 7 was mounted on e magnetron sputtering apparatus, and film formaticn of a T1O2 
film was carried out by changing the Og proportion In the sputtering gas as shown In Table 5. As the sputtering gas, 
Ar or a gas mixture of Ar and Og, was used. The sputtering was carried out under such conditions that the applied 
powerwas DC 1 kW, the backpressure was 1 x 10**Torr, and the sputteringpressure was 2x 1 0"^ Torr. As the substrate, 
a soda lime glass was used, and no intentional heating was applied to the substrate. The sputtering was carried out 

25 so that the film thickness would be about 100 nm. During the sputtering, the discharge was very stable, and film for- 
mation was carried out under a stabilized condition even by DC sputtering. 

[0072] After the film fonnatlon, the refractive index of the film was measured by an ellipsomater (the wavelength of 
light used was 633 nm). The film forming speed and the refractive index of the film are shown In Table 5. All of the 
obtained films were transparent and showed no light absorption. 

30 

Table 5 





Tariget 


Oxygen proportion In the sputtering 
gas(%) 


Fllm-fonnlng speed (nm/mln) 


Refractive index 


Example 1 8 


TiO^ 


0 


60 


2.4 


Example 1 9 


TIO^ 


10 


30 


2.4 


Example 20 


TiO„ 


20 


20 


2.4 


Example 21 


TIO, 


30 


10 


2.4 



40 EXAMPLES 22 TO 25 

[0073] Commercially available high purity TIO^ powder and an oxide powder as Identified In Table 6 as an additive 
were mixed, so that the amount of the additive was as shown In Table 6. From such a powder, a ceramic powder was 
prepared in the same manner as In Example 17, and plasma spraying was carried out In the same manner as In 
45 Example 17 to obtain a target having a ceramic layer having a thtokness of 5 mm. TYie density and resisth^ity of the 
obtained ceramic layer were measured, and results are shown In Table 6. 

[0074] A part of the ceramic layer constituting a target material was subjected to add dissolution or alkali fusion to 
obtain Its aqueous solution, and the composition of the sintered body was analyzed by an ICP apparatus, whereby It 
was confirmed that the composition of the charged powder mixture and the composition of the sintered body were 
50 substantially in agreement. 

[0075] Further, with respect to the obtained target, film lomaatlon of TIO2 film was carried out In the same manner 
as In Examples 18 to 21 . During the sputtering, the discharge was very stable, and film formation was carried out under 
a stabilized condition even by DC sputtering. The fllm-fomning speed and the refractive Index of the films were the 
same as In Examples 18 to 21 , and alt of the obtained films were transparent and showed no light absorption. 

55 
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Table 6 



Example No. 


Additive 


Amount of the additive 


Density of the fiintered 


Reeiativity of the sintered 




(wt%] 


body (g/oc) 


body (Qcm) 


22 


CrgOs 


20 


4.30 


0.62 


23 


Ce02 


20 


4.41 


0.61 


24 


AI2O3 


5 


4.09 


0.22 


25 


SIO2 


5 


4.01 


0.15 
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EXAMPLE 26 

[0076] In Example 1 7, instead of using the copper plate having a diameter of 6 inches as a target metal holder and 
roughening Its outer surface by sand blasting by means of AigOa abrasive grains to a roughened surface, a copper 
cylindrical target holder having an inner diameter of 50.5 mm, and outer diameter of 67.6 mm and a length of 406 mm, 
was attached to a latiie, and Its outer surface side was threaded and further surface roughened by sand blasting by 
means of AI203 abrasive grains to forni a roughened surface, and otherwise, In the same manner as In Example 1 , a 
target was prepared. And, in the same manner as in Example 17, the density, the resistivity and the oxygen content 
of the ceramic layer of the target were measured. The results were the same as in Example. 17. 

20 

EXAMPLE 27 

[0077] FHrfTfofniatio^ in Example IB to 21 except that the 

targets in Examples IB to 21 were used as the target of Example 26. 
25 [007B] During the sputtering, the discharge was very stable, and film formation was canrled out under a stabilized 
condition even by DC sputtering. Further, all of the obtained films were transparent and showed no light absorption. 
[0079] The lilm-forming speed and the refractive indexes of the films were the same as In Examples 1 B to 21 . 

EXAMPLE 2B 

30 

[0080] A target was prepared in the same manner as In Example 1 7 except that in Example 1 7, the obtained ceramics 
powder was heat-treated at 1 ,D00"C in an inert atmosphere to obtain a reduced powder, and the ceramic layer was 
formed by water plasma spraying. The density and the resistivity of the ceramic layer of the obtained target were the 
same as In Example 17. Further, the oxygen content was examined In the same manner as In Example 17 and found 
to be the same as in Example 1 7. The ceramic layer-forming time in a case where the ceramic layer of the target was 
5 mm in thicltness, is shown in Table 7 as compared with Example 1 7. 



Table 7 





Ceramics layer-forming time (hrs) 


Example 1 7 


2.6 


Example 28 


0.3 



[0081] By using the sputtering target of the present invention, a transparent film having a high refractive index can 
be fonned at a high speed by DC sputtering. Further, with the target of the present Invention, the oxygen partial pressure 
of the sputtering atmosphere can be reduced, thus providing a merit that abnormal discharge such as arcing can be 
reduced. Accordingly, by using the target of the present invention , a film having a high refractive index can be produced 
at a high speed and under a 6tabili2ed condition. 

[0082] The target prepared by the process of the present invention Is uniform, highly dense and strong against themrial 
shoclc. According to the process of the present Invention, a target having an optional shape can easily be produced 
without requiring conventional shaping, sintering, processing or bonding step. 

[0063] Further, with the sputtering target of the present invention, the target can be regenerated by plasma spraying 
a spraying powder of fresh target material having the same composition to a consumed portion after use, such being 
economically advantageous. 

[0084] Further, in a case of a Ti type MO^, a photocatalytic function is expected, and a film capable of imparting an 
antibacterial, antilouling or drip flowing propeny to a sulastrate surface of glass or other than glass such as plastic, can 
be fonned at a high speed. 
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[0065] By U8lngthe sputtering target of the preaont Invention, the cooling eltect during the sputtering Is high, whereby 
even If the sputtering power is Increased, cracking or breakage of the target will not take place, and film forming at a 
high speed can be carried out under a stabilized condition at a low temperature. Thus, the producth^ity of not only 
display elements or CFTT but also large surface glasses for buildings or automobiles, can remarlcably be Improved. 
5 [0086] Further, even on a substrate made of e.g. plastic which Is susceptible to the Influence of radiant heat from 
the target, high speed film lomilng can be can-ied out without damaging the substrate. 



Claims 

10 

1 . A sputtering target comprising a substrate and a target material formed on the substrate, wherein the target material 
comprises a metal oxide of the chemical fonmula MO^ as the main component, wherein MO^ is a metal oxide which 
Is deficient In oxygen as compared with the stoichiometric composition, and M Is at least one metal selected from 
the group consisting of Tl, Nb, Ta. Mo, W, Zr and Ht. 

15 

2. The sputtering target according to Claim 1 , wherein In said MO,, M Is Nb and/or Ta, and x Is within a range of 
2<x<2.5. 

3. The sputtering target according to Claim 1 . wherein in said MO^. M is Mo and/or W, and x is within a range from 
20 2<x<3. 

4. The sputtering target according to Claim 1 . wherein in said MO,. M Is at least one metal selected fomi the group 
55n8i8tTngofTi7rr*and Hf rand'Jf fe within a range-of-1-<x<2: 

25 5. The sputtering target according to any one of Claims 1 to 4, wherein the ta^et material has a resistivity of at most 
1 GO cm at room temperature. 

6. A process for producing a sputtering target, which comprises forming an undercoat made of a metal or alloy on a 
substrate, and forming a ceramic layer as a target material on the undercoat, wherein the ceramic layer as a target 

30 material Is formed by plasma spraying wherein a ceramic powder which Is made In a seml-molten state In a high 

temperature plasma gas in a reducing atmosphere, is transported and deposited onto the undercoat by the plasma 
gas. and. as the target material, a target material comprising a metal oxide of the chemical formula MO^ as the 
main conponont. Is used, wherein MO, b a metal oxide which Is deficient In oxygen as compared with the stoi- 
chiometric composition, and M Is at least one metal selected from the group consisting of Tt» Nb, Ta, Mo, W, Zr 

35 and Hf . 

7. The procBSB for producing a sputtering target according to Claim 6, wherein, as the undercoat, a layer having a 
thermal expansion coefficient Intermediate between the thermal expansion coefficient of the ceramic layer and the 
thermal expansion coefficient of the substrate, and/or a layer having a themr»al expansion coefficient close to the 

40 thermal expansion coetf Iclent of the ceramic layer, Is used. 

8. The process for producing a sputtering target according to Claim 6 or 7» wherein the plasma spraying Is water 
plasma spraying. 

45 9. The process for producing a sputtering target according to one or more of Claims 6 to 6, wherein a cylindrical 
substrate Is used as the substrate. 

10. The process for producing a sputtering target according to one or more of Claims 6 to 0. wherein a surface-rough- 
ened substrata is used as the substrate. 

50 

11 . A method for forming a film having a high refractive Index by sputtering, wherein, as a sputtering target, the sput- 
tering target as defined In any one of Claims 1 to 5 is used. 
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